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INTRODUCTION 





SURFACE 


AND DEPTH 





BRITT SALVESEN 


THE QUEST FOR A PERFECT IMAGE—one that captures 
reality as it is perceived, in full chromatic and volumetric detail— 
arises from various technical, theoretical, aesthetic, and cultural 
imperatives. Such an image may lay claim not only to realism 
but also to the more contested territories of veracity, authen- 
ticity, or objectivity. The invention of photography opened a new 
chapter in this history: after centuries of illusionistic represen- 
tation in painting, sculpture, and the graphic arts, the camera 
seemingly took over the task of recording the world with greater 
fidelity than the human hand or eye could achieve. But photog- 
raphy was still inherently a two-dimensional, planar medium, 
a picture of the world rather than a facsimile of perception. 

A device called the stereoscope effected the leap from pictorial 
image to virtual space.' It activates binocular vision, demonstrat- 
ing that depth perception—our sense of spatial orientation— 
results from the two eyes receiving slightly different images. 
Taken together, the stereoscope and photography (introduced 
in 1838 and 1839, respectively) constituted a representational 
system that some claimed could surpass prior standards for 
the realistic depiction of three dimensions, and perhaps even 
exceed reality itself. Extolling the new device’s potential in 1861, 
Oliver Wendell Holmes Sr. declared: “If a strange planet should 
happen to come within hail, and one of its philosophers were 


Richard Hamilton, Palindrome, 1974 (detail) 


to ask us, as it passed, to hand him the most remarkable 
material product of human skill, we should offer him, without 
a moment's hesitation, a stereoscope.”* 

Motivating both the advocates and the skeptics of such 
hyperrealistic representation is a concern with the nature of 
human visual perception. By turns precise, inaccurate, absolute, 
and inconsistent, the visual system with all its vagaries is one 
of our primary means of anchoring ourselves in the physical 
world. We do not want to contemplate the prospect that the 
faculties so miraculously given and effortlessly enjoyed will 
ever decline. The allure of 3D images—whether seen through 
a stereoscope, a View-Master, or polarized glasses—may relate 
to a deep-seated desire for complete sensory apprehension 
and comprehension of a world full of randomness and confusion. 
Quixotic though it may be, the pursuit of 3D representation 
in the modern age has driven innovation, stimulated creative 
expression, provoked curiosity, and sparked wonder in genera- 
tion after generation. It also offers metaphors for understanding 
ourselves and our history. Duality is built into 3D; the eyes 
receive dual images and the mind perceives a singular world. 
Likewise we have the capacity to see situations in relief, to 
synthesize multiple points of view, to appreciate the existence 
of difference in unity. 


The abbreviation 3D, first used in 1952, is a bit of a 
grammatical and definitional dodge. An adjective frequently 
used as a noun, it can connote three-dimensionality as a 
medium in and of itself, a tool or technique applied to other 
media,? or simply a quality of depth in relation to height and 
length. To complicate matters further, 3D is now commonly 
used in connection with volumetric rendering and additive 
printing. For our purposes here, 3D refers to representation 
that is designed to activate binocular vision and produce a 
virtual, volumetric image. On this account, the history of 3D 
begins in the 1830s with the invention of the stereoscope, 
which quickly moved from a scientific context into the public 
sphere when combined with photography and, later, with film. 
Taking on different forms over the course of the twentieth 
century with the integral imaging technologies of lenticular 
and holography, 3D continues into the digital present. 

Ordinary perception is always extraordinary, as Susan 
Barry explains in her captivating 2009 account of attaining 
stereoscopic vision at age forty-eight. Strabismic (cross-eyed) 
from an early age, Barry had been told she would never see in 
3D, but she researched her own condition, undertook intensive 
optical training, and learned to see with both eyes. Suddenly, 
objects seemed enveloped in space, their edges sharper and 
the spaces between them palpable. As a neuroscientist, Barry 
could understand these sensations in physiological terms. 
What surprised her were “the deep feelings of joy and wonder, 
the enormous emotional high, that these novel sights gave 
me.” And most unexpectedly, she began to think differently. 
Monocular vision had made her a step-by-step thinker who saw 
details first and then added them up into a whole. Only once 
she learned to see with both eyes did she become “aware of 
the whole forest, and within it, the trees.” In several respects, 
Barry’s account echoes a passage from Holmes's 1859 essay 
“The Stereoscope and the Stereograph”: “The first effect 
of looking at a good photograph through the stereoscope is 
a surprise such as no painting ever produced. The mind feels 
its way into the very depths of the picture. The scraggy 
branches of a tree in the foreground run out at us as if they 
would scratch our eyes out.” 

Seeing stereoscopically is a distinctive sensory experience, 
a coalescence of two images that not only helps us understand 
our place in the world but can also, as Barry and Holmes both 
observed, provoke a range of emotions and ideas. Human 
beings have two eyes, and—like other species with similar evolu- 
tionary imperatives to focus on prey, decipher dense foliage, 
and calculate distance—we use them to perceive depth in the 
environment. The retina in each eye receives a slightly different 
two-dimensional image of an object. (The disparity between 
the images received by the two eyes can be demonstrated 
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by raising a thumb in front of the face, closing first one eye 
and then the other, and noticing the way the background 
seems to move in relation to the stationary thumb.) Retinal 
neurons communicate to monocular and binocular neurons in 
the visual cortex, where the two images are fused into a single 
volumetric image. Stereopsis is achieved by infants at around 
twelve weeks, when they begin to clap their hands and reach 
for objects—actions that establish a connection between sight 
and touch, and pave the way for the child’s more active explora- 
tion of space in the months to come.’ Operating in concert with 
other depth cues (such as occlusion, scale, and relative motion) 
and supplemented by prior experience, stereopsis becomes 
such a natural part of daily life that its workings are scarcely 
felt, until a 3D representation brings it to our attention. Stereo- 
scopic apparatuses, therefore, reproduce not what we see 
but the way we see. 

The 3D artworks and objects considered here deliver 
images to the eyes with mirrors, lenses, or polarized or colored 
filters, requiring a self-conscious perceptual response to com- 
plete the illusion. Just as the formats and devices of 3D are 
varied, so too are the different “depth-oriented aesthetics” 
resulting from artists’ intentions or the properties of particular 
materials and technologies.? Effects such as emergence in front 
of the picture plane or recession behind it may be exaggerated 
or restrained; scale and spatial relationships may be plausible 
or distorted. The spectator’s physiology and interpretive proclivi- 
ties are equally important. A portion of the population (between 
5 and 15 percent) have varying degrees of stereo blindness 
and cannot perceive stereoscopic 3D. Those who do possess 
binocular vision have varying tastes, tolerances, and patience 
for doing the work of activating it with a device. This exhibition 
and book will require you to don and remove various glasses, 
focus your gaze, find a sweet spot, cross or relax your eyes, and 
learn to look in a different, more active way than is customary. 
The reward is the rush of surprise and delight sparked by the 
virtual image. “Perhaps there is some half-magnetic effect 
in the fixing of the eyes on the twin pictures,” mused Holmes 
in 1861. “...[A] dream-like exaltation of the faculties, in which 
we seem to leave the body behind us and sail away into one 
strange scene after another, like disembodied spirits.”* 

3D: Double Vision features artists whose work evinces 
an abiding interest in perception, as well as makers and pro- 
ducers who are primarily considered scientists, engineers, 
directors, or designers. While examples of 3D can be found 
around the world, the scope here is Western Europe and the 
Americas. Some objects are unique, while others were mass- 
produced; some are abstract, others figurative. This is not 
a compendium of firsts, nor a comprehensive survey of the 
considerable material culture around 3D." Instead, it highlights 
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examples from the realms of art, science, and entertainment 
that dazzle the eyes, provoke the imagination, and illuminate 
a larger history. Spanning the 1830s to the present, this is an 
exploration of modernity that takes a non-hierarchical view of 
visual culture." When the discipline of art history first emerged 
in the nineteenth century, stereographs were reference aids 
rather than subjects of study. іп the first half of the twentieth 
century, critic Clement Greenberg left even less room for 3D, 
stating that “flatness, two-dimensionality, was the only condi- 
tion painting shared with no other art, and so modernist 
painting oriented itself to flatness as it did to nothing else.” 
Yet Greenberg and others, from Ernst Gombrich to Marcel 
Duchamp, also recognized the beholder’s share, the notion 
that an artwork depends on a viewer to complete it. Here 3D— 
with its active, or even interactive, spectatorship—offers any 
number of case studies. 

Much of the commentary around 3D is didactic, explaining 
why it works, how it ought to be made, who should see it, and 
whether it is good or bad. Strong opinions notwithstanding, 
there is no right way to see 3D and no guarantee that everyone 
sees it the same way. The virtual image is internal to the 
sensorium,unfixed, and ephemeral, possessing its own quale, 
or subjective sensation. In ways that are difficult to articulate, 

a stereoscopic photograph looks and feels different than a flat 
photograph, and contemporary neuroscience suggests that 
is remembered differently, too. 
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The experience of perceiving 3D has its own temporal 
quality and can unfold over several minutes, even when the 
subject matter is as simple as the geometric diagrams in 
Les Anaglyphes géométriques (1912) by mathematician Henry 
Vuibert, a book that was in Duchamp's library. The term 
anaglyph comes from the Greek word for low relief and thus 
has a sculptural connotation, but Vuibert did not pursue 
this analogy in his notes to the reader. Whereas a carved 
relief can be understood immediately through touch or sight, 
an anaglyph requires the aid of red-and-green glasses and 
an adjustment of cognitive expectations: 


Actually, the image does not necessarily appear 

all at once to the inexperienced observer. Even with 
a well-constructed drawing, a good filter and strong 
enough lighting, one often has to wait a bit; when 
the adaptation is made, when the brain has united 
two images, then you begin to recognize the figure. 
But you need still a little more patience, you need 
to apply yourself really to possess the anaglyph; 

a moment comes when you see it rise and plant 
itself in front of you; it looks as if you could touch 
it, grasp it, and follow its contours with your hand. 
It's a strange, striking thing to see. 
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To this, Vuibert added a footnote: 


The swiftness and perfection of anaglyphic vision depend 
essentially on the quality of the individual’s vision. Some 
people “see” almost immediately; most people need some 
practice. Certain people need to call up the figure through 
an act of will; others, finally, never see it. “The anaglyph 
test” produces very different results in different people: 
children, outdoor people, often see geometric anaglyphs 
faster and more completely than mathematicians, and 

the unsophisticated subject will, in expressing his surprise, 
produce very picturesque explanations and most expres- 
sive gestures. 


Ten years later, James Joyce distilled this elusive quale to 

its essence in the Proteus episode of Ulysses (1922), in which 
Stephen Dedalus walks on the beach, elements of his immedi- 
ate environment mingling with memories and meditations: 
“Flat | see, then think distance, near, far, flat | see, east, back. 
Ah, see now! Falls back suddenly, frozen in stereoscope. 
Click does the trick.” 


This “click” is 3D’s big payoff. All of a sudden, you are in 
another world and the other world is in you. As Tom Gunning 
said of the phantasmagoria, a person peering into a stereo- 
scope or wearing 3D glasses can be “physically and emotion- 
ally affected but rationally aware of the unreality of these 
sensations."'5 Just as the individual's perceptual experience 
of 3D can be empowering (“I'm conjuring this in my mind!”) 
or frustrating (“I’m getting a headache!”), critical response 
to 3D has toggled between celebration and denigration. 

In turn, this polarization is tied up with its popular appeal— 
3D representations have long been dismissed as paradoxically 
superficial, a misapplication of high tech to cheap thrills, or 

a “waste of a perfectly good dimension,” to quote Roger Ebert." 
But 3D has also been used to express higher aspirations and 
induce transcendent experiences. Even while it amuses and 
entertains us, 3D may also provide access to a primal stage 

of perception, when we were first encountering the world and 
finding our place in it. 
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"AN ESSENTIAL PROBLEM FOR VISION,” wrote neuropsy- 
chologist Richard Langton Gregory, "is perceiving scenes and 
objects in a three-dimensional external world, which is very 
different from the flat ghostly images in eyes."' For people with 
normal binocular vision, the process happens so quickly that 
we do not consider it a problem at all. Without our conscious 
effort, the ocular muscles automatically converge the eyes 
inward to focus on a near object, or diverge them to see a more 
distant one. Light bounces off the object, enters the eyes, and 


casts patterns on corresponding foveal areas of the two retinas. 


Light-sensitive rod and cone cells in the retinas react to these 
patterns, triggering a relay of electrochemical signals down 
the line to the visual cortex, where information is synthesized 
into perception.? 

The difference between the two retinal images had been 
noted for centuries, but never explained. In the 1830s English 
scientist Charles Wheatstone finally discerned the connection 
between binocular vision and depth perception.? "Why have we 
two eyes?” asked the popular Victorian periodical Household 
Words. “That was the question which Mr. Wheatstone en- 
trapped Nature into answering. The trap set by him was the 
stereoscope.” This device—its name derived from the Greek 
stereo, solid, and skopion, to see—effectively dismantles 
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binocular vision, demonstrating that two slightly dissimilar flat 
diagrams can be resolved by the eyes and brain into a single 
volumetric image. 

Elegantly revealing the connection between retinal disparity 
and depth perception, Wheatstone's invention put pressure on 
the prevailing nativist and empiricist philosophies of vision that 
had been established in the seventeenth and eighteenth 
centuries by René Descartes and George Berkeley, respectively. 
Cartesian optics asserted the primacy of vision, the eye being 
a perfect, God-given instrument; Berkeley contended that touch 
precedes and predetermines visual ideas. When Wheatstone, 
building on the empiricist approach, suggested the contingency 
and fallibility of spatial perception, he triggered a reaction 
among those nativists who insisted that spatial perception 
is innate, operating according to fixed geometrical and material 
laws. Most notably, Sir David Brewster (a Scottish scientist 
who witnessed Wheatstone's presentation of the stereoscope 
at the Royal Society in 1838) argued this position, reminding 
his readers that he had already published an article claiming 
that *the dissimilarity of these two [retinal] pictures is in no 
respect the CAUSE of our vivid [three-dimensional] perception 
of such objects, but, on the contrary, an unavoidable accompa- 
niment of binocular vision, which renders it less perfect than 
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vision with one eye.” The incommensurability of Brewster’s and 
Wheatstone’s views points toward a generational and disciplin- 
ary shift from natural philosophy, the elder Brewster's field of 
study, to experimental physics, the academic professorship held 
by the younger Wheatstone. 

The debates provoked by the stereoscope revealed that 
the once-absolute Cartesian and Berkeleyan positions explained 
both too little and too much. Instead, as philosopher Samuel 
Bailey stated in 1842, vision was “situated on the border-land 
where Physiology and the Philosophy of the Human Mind meet 
and mingle, touching, on the one side, the modern discoveries 
respecting the nerves and brain, and on the other the metaphys- 
ical doctrines regarding perception, abstraction, and associa- 
tion.”® Whereas classical optics had focused on the behavior of 
light in the external world, attention now shifted to the internal 
realms of body and mind. William Whewell, a contemporary 
of Wheatstone and Brewster, put it plainly: “Whether we call 
the conception of space a Condition of perception, a Form of 
perception, or an Idea, or by any other term, it is something 
originally inherent in the mind perceiving, and not in the objects 
perceived.” The stereoscope substantiated this hypothesis, in 
that it forced the eyes and brain to conjure three-dimensionality 
without any other depth cues or sensory input. 

Of course, perception in real life was never so simple, and 
certainly not during the Industrial Revolution, when modernity’s 
seismic shifts—urban growth, new transport and communica- 
tion technologies, expanding global networks of imperialism 
and immigration, changing social roles, and so on—imposed 
significant perceptual demands on the individual. Comprehen- 
sible and predictable in comparison to such disorientating 
forces, the stereoscope helped shore up the idea of vision as 
a skill that could be deployed both offensively and defensively. 
By extension, the stereoscope’s social value was premised on 
its scientific pedigree and the assumed perfection (or perfect- 
ibility) of the virtual image it generated. According to The 
National Magazine, the device was 


eminently utilitarian; for more information on certain 
points can be gained by it than by any other means with 
an equal outlay of time and money. No one who has ever 
seen a slide in a stereoscope needs telling of the great 
superiority it has, from the objects standing out in their 
true relief, over all other pictures... every thing, therefore, 
that has been or can be said of the value of pictures as 
a means of education applies with increased force to the 
stereoscope.® 
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By the time that passage was written in 1858, nearly all 
stereoscopic slides were photographic, but let us defer the 
camera’s entry a little longer. Although Wheatstone anticipated 
photography’s application to the stereoscope—he knew most 
of the people making daguerreotypes and calotypes in the late 
1830s and early 1840s, and collaborated with them to produce 
photographic stereo pairs—he nevertheless chose to illustrate 
his 1838 article with linear diagrams, most of them non-repre- 
sentational. Wheatstone was not, after all, attempting to create 
an illusion in which an image could be mistaken for an object; 
rather, he wanted to show how the solid image can arise without 
a corresponding single object. His stereoscope is an open and 
adjustable device, which places two diagrams (E'E) in flanking 
positions to the left and right of the angled mirrors (A'A) that 
will direct them to the eyes. The observer must lean in close, 
nearly placing the nose against the point where the mirrors 
meet. At first, one sees a confusing array of reflections. Then, 
under a relaxed gaze, a volumetric shape coalesces and seems 
to float in front of the face. With head, body, and even breath 
held still, the spectator’s imagination is caught up in the act 
of perception itself: this is a manner of looking totally unlike 
the leisurely contemplation of paintings in a gallery. 

Following Wheatstone’s utilitarian diagrams, the history 
of 3D includes a number of practitioners, scientists and artists 
alike, who eschewed photography’s abundant detail, tonal 
range, and indexical relationship to real-world objects. As histo- 
rians Lorraine Daston and Peter Galison have established, 
illustration has certain advantages over photography in the 
natural sciences and other scientific disciplines, and standards 
for accuracy vary widely depending on context and use.” Stereo- 
scopic drawings have their own particular requirements. They 
must be precisely rendered in relation to one another, since 
artifacts, flaws, and disparities will be evident in the device and 
can prevent the observer from fusing the pair. While proving 
less than ideal for subjects such as landscape and portraiture, 
stereoscopic drawing was well-suited for depicting abstract 
forms that had to be “seen through” to be fully understood— 
that is, represented as a continuous surface rather than an 
Opaque mass. For example, physicist James Clerk Maxwell, 
whose experiments with color separation paved the way for 
stereoscopic cinema, devised a method of stereoscopic drawing 
around 1856 for use in teaching solid and spherical geometry. 
Even more effectively than a physical model, a stereo pair of 
cyclides (p. 21) made it possible to understand not only surface 
contours but also the negative spaces and mirroring relation- 
ships that in turn suggest the existence of the inverse family 
of forms." 
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Diagram of Wheatstone’s stereoscope and drawings for the stereoscope, 
in Philosophical Transactions of the Royal Society of London (1838), 
King’s College London, Foyle Special Collections Library 
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Duboscq-Soleil, stereoscopic pairs, c. 1851 ee 
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Duboscq-Soleil, stereoscopic pairs, c. 1851 ee 
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James Clerk Maxwell, diagrams of cyclides, Quarterly Journal 
of Pure and Applied Mathematics, no. 34 (1867) 


When freehand drawing was impractical, the camera 
could be used to produce diagrammatic stereo pairs, as in the 
work of late-nineteenth-century physicist Étienne-Jules Marey. 
A pioneer in the analysis of movement, Marey devised a number 
of 2D and 3D graphic and photographic methods to document 
his investigations. In 1885 he made long-exposure stereographs 
to record the trace of light made by a reflective button attached 
to the sacrum of a man walking away from the camera. “Seen 
in the stereoscope,” he wrote, the abstract lines “are perfectly 
three dimensional: it is as though one is looking at a wire 
twisted in various directions and periodically repeating the same 
inflections.”" In 1892-93, Marey undertook another series of 
experiments with line, movement, and space. Inspired by the 
wire geometrical models he had examined at the Conservatoire 
National des Arts et Métiers, he built arrangements of wire 
and reflective metal plates and rotated them in a chamber under 
selective illumination, keeping the stereo camera’s shutter open 
so the blur of movement would materialize a “shape strange 
and hard to understand.” 

Jumping forward several decades, another quite different 
approach to dimensional diagramming can be found in the 
work of Salvador Dali. Long intrigued with optical illusions— 
foreshortening, anamorphosis, ambiguous figures, doubling, 
and mirroring are all notable features of his surrealist work 
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Étienne-Jules Marey, “Stereoscopic trajectory of a brilliant 
point placed at the level of the lumbar vertebrae of a man walking 
away from the photographic camera," in Bulletin de la Société 
francaise de Photographie (1886) 


of the 1920s and 1930s—Dalí later became explicitly interested 
in 3D effects, making stereo paintings and holograms in the 
1970s." Engaging with optics and mysticism in equal measure, 
he declared in 1973: “Binocular vision is the trinity of transcen- 
dent physical perception... The Father, the right eye, The Son, 
the left eye and the Holy Ghost, the brain.”'* One of Dalí's stereo 
paintings depicts the crucifixion; others include geometric 
diagrams, portraits of his wife, Gala, and references to Old 
Master paintings. For figurative subjects, he referred to stereo 
photographs of models, made by Robert Descharnes, but he 
may have relied on his manual skills for more linear motifs, such 
as Pentagonal Sardana (1978-79) and The Structure of DNA 
(1975-76).' Dalí had been intrigued by the spiral helix since 
Francis Crick and James Watson described it in Nature in 1953, 
including it as a motif in several two-dimensional works in the 
1950s and eventually realizing a two-part representation of 
the two-part molecule (pp. 24-25).' For Dalí, DNA represented 
cosmic order and personal affinity: “Every half of a shoot 

is exactly linked to its matching half, just as Gala was linked 
to me.... It all opens and closes and interlinks with amazing 
precision." With equal precision, his stereoscopic painting 
externalizes the essential duality of binocular vision. 
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1. Through a given internal point one, and only one, perpendicular 
can be drawn to a plane. 

П. If a line is perpendicular to a given plane, every plane which 
contains this line is perpendicular to the given plane. 

III. If two planes are perpendicular to each other, a line drawn in 
one of them perpendicular to their intersection is perpendicular to 
the other. 

Corollary: If two planes are perpendicular, a line perpendicular to 
one of them at any point in their intersection lies in the other. 

Corollary: Ji two planes are perpendicular to each other, a straight 
line drawn from any point of one, perpendicular to the other, lies in 
the first. 
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Keystone View Company. selections from Solid Geometry Series. c. 1930: 
Lines and Planes in Space (recto and verso) and Polyhedrons ee 
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Salvador Dalí, The Structure of DNA, 1975-76. 
Oil on canvas, 23% x 23% in. (60 x 60 cm) each panel. 
Fundació Gala-Salvador Dalí, Figueres, Spain 
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Warren De La Rue. The Moon. 1858-62 өө 
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THE ABOVE-MENTIONED experiments by Wheatstone, 
Maxwell, Marey, and Dalí fall somewhere between illustration 
and fabrication. Neither strictly indexical nor purely symbolic, 
these stereoscopic pictures relate to physical reality by means 
of the visual system. They conjure (perhaps only for a moment) 
ghostly yet convincingly volumetric images, alluring not so 
much in their solidity as in their transparency. The 3D virtual 
image offers a full complement of structural information and 
prompts the same cognitive leaps that one would make when 
examining an object in the real world. Moreover, adherence in 
the memory is quite strong. Recent studies suggest that a 3D 
image, as opposed to a flat one, triggers different responses 
in the posterior region of the medial temporal lobe, producing 
memories of details in sequences, which can later be retrieved 
in order in a process called reinstatement.'? 

From the moment of its introduction as a demonstration 
of binocular vision, the stereoscope was described in ways 
that stimulated the public's desire to experience depth percep- 
tion in this artificial way, and savvy Victorian entrepreneurs 
responded by transforming the teaching tool into a commodity. 
Market-driven standardization of stereoscopic equipment 
brought up thornier aesthetic and moral issues around stan- 
dardization of content. As Wheatstone and Brewster realized 
while cobbling together daguerreotypes and calotypes for 
the first stereoscopes, the way in which a stereo pair was 
made determined how it would be seen.'? To stimulate fusible 
retinal projections, the two photographic images must exist 
in proper relationship to one another and, in turn, to the human 
sensorium. According to the strictest interpretation of this 
correspondence between images and eyes, the camera lenses 
should be no more than two and a half inches apart, the intero- 
cular distance of an average adult. Any increase or decrease 
would result in unnatural visual effects. 

Yet it was tempting, and some said necessary, to make 
exceptions to this rule, because anatomical accuracy did not 
always produce convincing imagery. For objects in the near 
to middle distance (up to about six feet), our eyes converge 
noticeably and see "around" the object, an operation that can 
be mimicked by angling two cameras slightly inward, also 
known as "toeing in." When we look at more distant objects, 
the optical axes are parallel, and the retinal images are effec- 
tively identical (we actually see distant objects monocularly, 
although we endow them with solidity via other depth cues 
and inference). Separating the cameras to create parallax can 
give an appearance of relief to a distant object, albeit with two 
consequences: the object will appear miniaturized, and the 
set-up could no longer be said to duplicate human vision.?? 

Deviation from the two-and-a-half-inch standard was 
permissible in certain specialized contexts such as astronomy. 
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The problem—how to achieve optical convergence on an object 
as distant as the moon—had two potential solutions, spatial 
or temporal. Either the cameras could be placed many miles 
apart, or exposures could be made at intervals of several 
months. Warren De La Rue chose the latter method, taking 
telescopic photographs of the moon at Cranford Observatory 
in intervals that ranged from several months to more than 
four and a half years. "The stereoscope,” De La Rue explained 
in a published report, “affords such a view as we should get 

if we possessed a perfect model of the moon and placed it 

at a suitable distance from our eyes, and we may well be satis- 
fied to possess such a means of extending our knowledge 
respecting the moon, by thus availing ourselves of the giant 
eyes of ѕсіепсе.”?' 

In another frequently discussed scenario, widely separated 
cameras might be allowable for photographing colossal statues, 
monuments, or architecture. But here aesthetic preference 
comes into play. Although Antoine Claudet sensibly declared, 
"there cannot be any rule for fixing the binocular angle of 
camera obscuras," as "it is a matter of taste and artistic illusion," 
clumsy or undisclosed exaggerations were a source of anxiety 
for many commentators, who condemned "deformity" and 
vulgarity and worried that distorted images might be "hurtful 
to the uneducated.”** Naive consumers, beguiled by exotic 
subject matter, were considered at risk of acquiring a taste 
for exaggerated, hyperstereoscopic effects and eventually 
becoming dissatisfied with natural sight. As we shall see, this 
concern recurs throughout the history of 3D. 

Stereoscopy can disrupt natural vision even more drasti- 
cally, for example in investigations of binocular or retinal rivalry. 
When the two eyes receive completely different images, 
the brain struggles to resolve the contradictory information. 
As the images compete for perceptual dominance, they seem 
to alternate or flicker, never quite cohering. This phenomenon 
attracted academic attention around the turn of the twentieth 
century in Europe and North America. Founding scholars in 
the field of experimental psychology—Gustav Theodor Fechner 
and Wilhelm Wundt in Germany, followed by William James 
and G. Stanley Hall in the United States—were all interested 
in vision as a portal to cognition and personality, frequently 
using optical illusions to quantify its workings. To this end, 
one of Hall's students, Joseph Jastrow, made a curious group 
of stereoscopic photographs around 1900 at the University 
of Wisconsin, Madison.?? He arranged various props (including 
balls, tables, masks, small sculptures, and candlesticks; pp. 28, 
167) in such a way that eliminated depth cues and kept their 
relative spatial positions unclear until viewed in the stereo- 
scope. Some of Jastrow's stereo pairs can be fused normally, 
while others induce binocular rivalry, an effect that is especially 
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Joseph Jastrow, Experiments in Visual Perception (untitled stereo pair), c. 1905 e.e 


peculiar in the few instances where human models appear. 
One such tableau depicts a man, woman, and plaster cast of 
a classical torso. On the right, the man remains constant, while 
on the left, the woman and the sculpture oscillate in irresolution. 
These photographs reflect Jastrow's lifelong interest in the 
vagaries of mental processes, elaborated in a series of popular 
publications. “Sense impressions are simply the symbols or 
signs of things or ideas, and the thing or idea is more impor- 
tant than the sign,” he wrote in Fact and Fable in Psychology 
(1901), but sometimes it became difficult to distinguish 
among them. 
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VISION NEVER OPERATES in complete isolation, and ideas 
about its primacy among the senses have changed over time. 
The stereoscope seemed to endow vision with some of the 
perceptual territory of touch—as when Holmes said that "the 
mind feels its way into the very depths of the picture," antici- 
pating French philosopher Maurice Blanchot, who asked in 
1949: "What happens when what you see, even though from 
a distance, seems to touch you with a grasping contact, when 
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the manner of seeing is a sort of touch, when seeing is a sort of 
contact at a distance®”?® What is really at issue is the production 
of space, to use Henri Lefebvre's phrase. According to Lefebvre, 
"lived space" is imaginative territory that counterbalances 
ordinary “perceived space" and official “conceived space.”?* 
But Lefebvre, writing in the 1970s, was scarcely the first to 
speculate about different categories of space and the possibility 
of cutting across or superceding them. In 1895, mathemati- 
cian Henri Poincaré distinguished between physiological space 
(defined by motor, tactile, and visual perception) and geometric 
space (infinite and homogenous).”’ As art historian Linda 
Dalrymple Henderson has shown, such ideas inspired a genera- 
tion of avant-garde artists—including Pablo Picasso, Frantisek 
Kupka, Umberto Boccioni, and Marcel Duchamp, among 
many others—to abandon conventional one-point perspective 
and to seek other ways of representing space and time.?® 
Duchamp is particularly relevant to the present context. 
Slyly admitting a “small attraction to the optical,” he in fact had 
a scholar's familiarity with many aspects of vision science, 
and his library included Poincaré's La Science et l'hypothèse 
(1902), Vuibert's Les Anaglyphes géométriques (1912), and 
other books on mathematics and physics.?? A fascination with 
two-eyed seeing led him to contemplate "a series of things 
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to be looked at with a single eye (right or left)” іп 1918-19.°° 
Around the same time he made an “assisted readymade” using 
an ordinary, unattributed stereograph of an ocean horizon, 

a pair of photographs yielding virtually no 3D effect, as there 
is no point on which the optical axes can converge (p. 30). 
Adding a hand-drawn pyramid, Duchamp augmented the 
stereograph's deficient binocular parallax with superimposed 
geometrical optics.*' In his later Rotary Glass Plates (1920) 
and Rotary Demisphere (1925), he used motion to create the 
appearance of depth from evidently flat surfaces. With Man 
Ray, Duchamp attempted to make a 3D film of the Demisphere, 
apparently reasoning “that if a two-dimensional pattern 
rotating could generate a three-dimensional virtual image 

for one eye, stereoscopy’s orientation to two eyes should allow 
a three-dimensional pattern to generate a virtual image of four 
dimensions,” according to Henderson.?? Regrettably, they 
processed the film improperly and abandoned the project, 
Man Ray instead making a 2D version, Anemic Cinema (1926) 
and Duchamp pursuing kinetic depth effects in his Rotoreliefs 
(published in 1935).*? As the printed discs rotate on a turntable, 
they generate illusory volumetric forms that advance toward 
the viewer and recede away in a pulsing rhythm, the effect at 
first triggering delight and then a slight nausea (р. 31).?^ 
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While Duchamp so often reminds us that vision is never 
merely or purely optical but also corporeal and temporal, he was 
also part of a generation that harbored a desire for transcen- 
dence—hence his interest in the fourth dimension. First pub- 
lished in the 1880s by English mathematician and physicist 
Charles Howard Hinton, the idea of hyperspace percolated 
in the twentieth century across philosophy, art, science fiction, 
physics, mathematics, and, eventually, computer science.?* 

A. Michael Noll made the first computer-animated film of four- 
dimensional hypercubes at Bell Laboratories around 1965, 
taking advantage of the computer's ability to produce sequenc- 
es of still stereo pairs quickly and accurately (p. 33). Then he 
used a matrix operation to put the shapes into rotating motion. 
Noll also animated a random figure (its dimensionality illegible 
unless viewed stereoscopically) and a "stage" with rudimentary 
stick figures moving around it. Despite display limitations, 
motion gives these computer animations a compensatory 
degree of spatial realism and potential interactivity.?* 

The legacy of invention remains inspiring for artists 
working with 3D in the twenty-first century. Tristan Duke's 
studio, a self-described "research laboratory exploring optics 
for visual art,” houses a variety of the artist's hand-built 
viewing and display apparatuses for stereo pairs, holograms, 
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TOP: Marcel Duchamp. Handmade Stereopticon Slide, 1918-19 ӨӨ 
BOTTOM: Man Вау. stereograph of Duchamp's Rotary Glass Plates (Precision Optics). 1920 ee 
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Marcel Duchamp, Rotoreliefs, 1935/1965 
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phantograms, and other 3D image formats. One of the mes- 
merizing techniques employed by Duke is scratch holography, 
in which a rotating disc generates a luminous, hovering figure 
(pp. 34-35). The illusion is based on the behavior of light: 
grooves are incised into the disc in patterns that will catch and 
reflect light toward the eyes in predetermined ways. This 
phenomenon was observed in the 1990s by research engineer 
William J. Beaty, who noticed sunlight glinting off a car hood 
and realized that scratches were reflecting light in a way that 
was “halfway between the diffraction optics of holography 
and the geometrical optics of lenticulars.”38 Duke, for his part, 
“saw the potential for human technique. | wanted to know 
what it felt like to see images from a holographic perspective. 
In a nutshell, this has been my work—to create a system that 
is human."88 He draws and incises the patterns without a 
computer, relying on experience, trial and error, and his library 
of historical sources. Indeed, Duke realized that none other 
than Wheatstone had described this very effect in his 1838 
article: “When a single candle is brought near such a [metal] 
plate, a line of light appears standing out from it, one half 
being above, the other half below the surface; the position and 
inclination of this line changes with the situation of the light 
and of the observer, but it always passes through the center 

of the plate.” The son of a musical-instrument maker, and 
fabricator of his own scientific apparatuses, Wheatstone could 
have glimpsed a scratched metal plate as easily as Beaty 
noticed the hood of a car. 

Like Duke’s scratch holograms, Sigmar Polke's Lens 
Paintings of 2003-2009 prove that a low-tech interpretation 
of a high-tech process can produce captivating results.* In 
this case the process is lenticular technology, which creates a 
stereoscopic effect without glasses by means of a lens (usually 
ridged plastic) registered over multiple interlaced images to 
direct the appropriate image slices to the right and left eyes. 
Pursued by its inventors in a utopian quest for the perfect 3D 
image, lenticular technology ended up being used mainly for 
novelty postcards and promotional items, a trajectory that 
amused and interested Polke. In The Illusionist, one of the most 
ambitious of the Lens Paintings, he collaged eighteenth- and 
nineteenth-century figures, interspersed with various props 
and apparitions and interrupted by drips of paint (p. 14). The 
lenticular overlay, made of translucent gel, prompts spectators 
to sway back and forth in search of the depth effect, or even 
to lean forward and touch the ridged surface, thus disrupting 
the norms of art appreciation. Yet since these irregular “lenses” 
do not work to generate a 3D image, Polke ultimately reveals 
the constructed, hybrid, partial nature of perception itself. 
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Some of the various 3D experiments described above 
eventually led to commercial applications or entered the fine- 
art market, but many have remained in the pages of scientific 
journals. Made in the spirit of invention and exploration, they 
reflect their makers’ obsession with visual perception, fascina- 
tion with the connections between sight and thought, and 
drive to spark curiosity and wonder. We must approach these 
works with the same willingness to be part of the experiment, 
to consider what lies behind and beyond binocular vision. 
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A. Michael Noll, Four-Dimensional Hypercube and Randomly Changing Line Pattern, 1965 (stills) ee 
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ABOVE 8 RIGHT: Tristan Duke, Platonic Solids, 2016; 
Tetrahedron (above/below) and Dodecahedron (above/below) 
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American Optical Company, card from Dr. Wells’ Selection of Stereoscopic Charts, 1912/1965 ee 
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